Type 1 diabetes is caused by adaptive immune responses, but innate immunity is important because monocytes infiltrate islets. Activated monocytes express cyclooxygenase (COX)-2, promoting prostaglandin-E 2 (PGE 2 ) secretion, whereas COX-1 expression is constitutive. We aimed to define monocyte COX expression in type 1 diabetes basally and after lipopolysaccharide (LPS) stimulation. Isolated CD14 ؉ monocytes were analyzed for COX mRNA and protein expression from identical twins (discordant for type 1 diabetes) and control subjects. Basal monocyte COX mRNA, protein expression, and PGE 2 secretion were normal in type 1 diabetic subjects. After LPS, twins and control subjects showed a COX mRNA isoform switch with decreased COX-1 mRNA (P < 0.01), increased COX-2 mRNA (P < 0.01), and increased COX-2 protein expression (P < 0.01). Compared with control subjects, both diabetic and nondiabetic twins showed greater LPS-induced downregulation of monocyte COX-1 mRNA (P ‫؍‬ 0.02), reduced upregulation of COX-2 mRNA and protein (P < 0.03), and greater inhibition by the COX-2 inhibitor di-isopropylfluorophosphate (DFP) of monocyte PGE 2 (P < 0.007). We demonstrate an alteration in monocyte COX mRNA expression as well as monocyte COX-2 and PGE 2 production after LPS in type 1 diabetic patients and their nondiabetic twins. Because COX-2 response to LPS is proinflammatory, an inherited reduced response would predispose to chronic inflammatory diseases such as type 1 diabetes. Diabetes 55: 3439 -3445, 2006 
T ype 1 diabetes is induced by environmental events affecting genetically susceptible individuals and resulting in the destruction of the insulinsecreting cells in the pancreatic islets of Langerhans. Consequently, even identical twins often remain discordant for the disease (1) . This destructive immune process involves both the innate and adaptive immune response because monocytes, macrophages, and T-cells infiltrate the islets at onset of type 1 diabetes (2) . The evidence is that adaptive immune effectors (including T-and B-cells) are important because circulating insulin autoantibodies, GAD, and islet cell-associated antigen, can predict type 1 diabetes (3) . Recent studies suggest that innate effector cells, including natural killer T-cells and monocytes, also play a role in humans as well as in nonobese diabetic (NOD) mice, an animal model of autoimmune diabetes (4 -9) .
Activation of monocytes and macrophages induce the translocation of the transcription factor nuclear factor-B, leading to expression of immune response genes with secretion of prostaglandins (PGs), nitric oxide, cytokines, and chemokines, which affect cellular immune responses (10 -11) . Pathways contributing to PG output in antigenpresenting cells, such as macrophages and monocytes, are regulated by the enzyme cyclooxygenase (COX; PGG/H synthase). COX, a key enzyme in PG synthesis, has at least two isoforms (COX-1 and -2) encoded by separate genes and catalyzes a rate-limiting step in the conversion of arachidonic acid to PGH (12) (13) . Whereas COX-1 is believed to be constitutively expressed, COX-2 expression is induced in response to cytokines, growth factors, tumor promoters, lipopolysaccharide (LPS), and bacterial endotoxin, resulting in increased proinflammatory PGs (e.g., PGE 2 ) (14 -16) . Aberrant expression of COX-2 in nonactivated monocytes has been reported in type 1 diabetes and subjects at increased risk of developing this disease, and the change was not dependent on disease duration, suggesting that it might be genetically determined (6) . We addressed this possibility by studying COX-1 and -2 monocyte expression in patients with type 1 diabetes together with their nondiabetic identical cotwins, who were selected because they were unlikely to develop diabetes themselves and thus provided a genetically identical control subject.
RESEARCH DESIGN AND METHODS
Identical twin pairs were selected from the British Diabetic Twin Study (1) . Twins from the registry are ascertained by referral through their physicians. Of 451 twin pairs, we selected 16 identical pairs discordant for type 1 diabetes (mean age 38 years [range 18 -69], 8 male pairs) eligible according to the following criteria: 1) European origin, 2) affected twins had type 1 diabetes, 3) both twins of each pair were available for study, 4) neither twin was receiving drugs other than human insulin in the index case, and 5) the nondiabetic twin had a low disease risk, i.e., a risk Ͻ2% based on lack of diabetes-associated antibodies (1, 17) . Type 1 diabetes was defined according to standard criteria, and diabetes was excluded by glucose tolerance tests and random wholeblood glucose values (YSI, Yellow Springs, OH) Ͻ7.0 mmol/l (18). All diabetic twins were treated from the time of diagnosis with insulin and were taking highly purified human insulin at least twice daily; the mean duration of diabetes (mean Ϯ SD) was 17 Ϯ 11 years in the diabetic twin. Monozygosity was established in twin pairs using both clinical data and at least 22 blood groups, as previously described (1) . Control subjects (n ϭ 27, mean age 40 years , 13 male) were obtained from the local population; these subjects had no family history of diabetes and at the time of testing had no illness, were taking no drugs, had no clinical signs or symptoms of illness, and were on a normal diet. All of the subjects gave informed consent, and the study was approved by the ethics committee of the Royal Hospital Trusts.
We obtained endotoxin-free Ficoll-Hypaque from Amersham Pharmacia (Bucks, U.K.); PBS, RPMI 1640, Dulbecco's modified Eagle's (DMEM), Lglutamin, penicillin/streptozotocin, and fetal bovine serum (FBS) from Life Technologies (Paisley, U.K.); CD14 ϩ magnetic beads for a positive selection column from Miltenyi Biotec (Surrey, U.K.); ELISA kits for detection of PGE 2 from R&D Systems (Oxfordshire, U.K.); human COX-1 and -2 antibodies for Western detection from Cayman Chemical (Boldon, U.K.); LPS from Sigma (Dorset, U.K.); bicinchoninic acid kit (Pierce, U.K.); nitro-blue tetrazolium chloride (NBT)/5-bromo-4-chloro-3Ј-indolyphosphate p-toluidine salt (BCIP) solutions from Bio-Rad (Hemel Hempstead, U.K.); a RNeasy mini kit from Qiagen (Crawley, U.K.); a RiboGreen RNA quantitation kit from Invitrogen (Paisley, U.K.); human and mouse COX-1/2 amplicon, COX-1/2 primers (R and F), and probes for real-time quantitative RT-PCR from MWG-Biotech (Ebersberg, Germany); the COX-2-specific inhibitor di-isopropylfluorophosphate (DFP; a kind gift from Prof. T. Warner); anti-COX-2 fluorescein isothiocyanate (FITC) and COX-2 blocking peptide from Cayman Chemical (Boldon, U.K.); and mouse IgG1 isotype control and anti-CD14 phycoerythrin from SeroTec (Oxford, U.K.). Human lymphocyte separation. Peripheral blood mononuclear cells (PBMCs) from human subjects (twins and control subjects) were prepared from heparinized blood using standard Ficoll-Hypaque separation.
CD14
؉ monocytes isolation and magnetic separation. Isolated PBMCs from human blood were washed in RPMI 1640 and then resuspended in complete medium (RPMI containing 10% FBS, 100 g/ml penicillin/streptozotocin, and 2 mmol/l L-glutamine). PBMCs were washed with 15 ml of magnetic cell sorting buffer (PBS, 2 mmol/l EDTA, and 5% FBS), and CD14
؉ cells were separated according to the manufacturer's instructions using a positive selection column. For COX mRNA and protein expression, CD14
؉ monocytes were plated onto 48-well plates (at 5 ϫ 10 5 per well). Human cells were then cultured as appropriate with either medium alone or medium supplemented with 1 g/ml LPS in the presence or absence of the COX-2-selective inhibitor DFP and then incubated at 37°C in 5% CO 2 for 18 -24 h. Detection of monocyte intracellular COX-2 by fluorescence-activated cell sorting. Briefly, isolated human PBMCs (3 ϫ 10 5 cells) were immediately transferred to azide-containing buffer (PBS, 0.5% BSA, and 2 mmol/l EDTA) for immunostaining. For stimulation, cells were resuspended in RPMI 1640 plus 5% autologous serum and cultured in polypropylene tubes in 1.5-ml aliquots of 1 ϫ 10 6 cells/ml. Cultured aliquots were stimulated for 18 h with LPS (0.1, 10, and 1,000 ng/ml) or left in medium alone. Control treatments were carried out on parallel samples as follows: the ligand blocking control for specificity was anti-human COX-2 FITC (0.5 g/sample) preincubated with 10 g/ml blocking peptide for 1 h at room temperature and then added to the sample. The isotype control was mouse IgG1 FITC (0.5 g/sample). Samples were acquired on a cytometer (LSR; Becton Dickinson), and data were analyzed using WinMDI software (Joseph Trotter, Scripps Institute, La Jolla, CA). The intensity of COX-2 expression was calculated after gating on CD14 ϩ monocytes and by subtracting isotype control as background.
Detection of monocyte COX-1 and -2 protein expression by Western blotting. After overnight stimulation with and without LPS, CD14
ϩ monocytes (5 ϫ 10 5 cells per well) were washed with cold PBS and lysed with 100 l of lysis buffer (1% Triton X-100, 50 mmol/l HEPES, 10% glycerol, 2 mmol/l EDTA, 10 mmol/l sodium fluoride, and 10 mmol/l sodium pyrophosphate) supplemented with 2 mmol/l Na 3 VO 4 , 1 mmol/l phenylmethylsulfonyl fluoride, 10 g/ml leupeptin, and 10 g/ml aprotonin. Total protein concentration was determined using a bicinchoninic acid protein assay kit. Proteins were loaded in the range of 25-30 g protein per lane, and cell lysates were separated by 10% SDS-PAGE and protein transferred onto nitrocellulose membrane. After blocking nonspecific binding, blots were incubated with COX-1 and -2 antibodies at 1:1,000 and then developed using NBT/BCIP solution. To semiquantify the band, a Spot Denso AlphaImager was used to estimate protein bands (in arbitrary units) and the mean COX-2 fold increase after LPS TABLE 1 Human and mouse COX-1 and -2 primers and probes Genes Accession no. stimulation (19) . We focused on COX-2 protein expression and therefore had only six cell lysates available from both the twins and control subjects to analyze COX-1 protein levels; there were insufficient numbers to perform a statistical analysis. Detection of monocyte COX-1 and -2 mRNA expression by quantitative RT-PCR. After a 3-h LPS stimulation of isolated CD14 ϩ monocytes, RNA was extracted using an RNeasy mini kit (Qiagen). RNA was quantified in triplicate using RiboGreen quantification kits (Molecular Probes, Leiden, the Netherlands) with minor amendments to the original protocol (20) . Sequence-specific primers and probes. Intron-spanning primers and probes specific for the human COX-1 and -2 genes were designed using Primer Express (ABI, Warrington, Cheshire, U.K.) ( Table 1 ). Human and mouse COX-1 and -2 probes had a FAM reporter dye at the 5Ј end and a quencher dye (6-carboxy-tetramethyl-rhodamine, TAMRA) on the 3Ј end. The levels of human and mouse COX-1 and -2 mRNA were quantitated relative to ampliconspecific standard curves by real-time RT-PCR using 50 ng total RNA in duplicate and analyzed on an ABI Prism 7700 sequence detector. Standard curves were generated by serial dilution of single-stranded sense oligonucleotides specifying COX-1 or -2 amplicons (Table 2) , as previously described (21) . All serial dilutions were carried out in duplicate. Standard curves in duplicate were repeated three times, with duplicate no-template controls included with every RT-PCR run. mRNA levels were expressed as COX-1 or -2 mRNA copy numbers per microgram total RNA.
The RT-PCR was carried out in a 25-l reaction mixture containing 1 ϫ TaqMan EZ buffer, 3 mmol/l Mn(OAc) 2 , 300 mmol/l dA/dC/dG/dUTP, 2.5 units rTth (recombinant Thermus thermophilus) DNA polymerase, 10 pmol primers (forward and reverse primer sets) (Table 1) , 5 pmol TaqMan probe, 0.5 units AmpErase UNG (uracil-N-glycosylase), and 100 ng total RNA at 50°C for 2 min, 60°C for 30 min, and 92°C for 5 min followed by 40 cycles of 20 s at 92°C and 1 min at 62°C. All samples were run in duplicate with water as a no-template control and a positive control containing RNA specifying both COX-1 and -2 RNA levels from the human colon cancer cell line HT-29 Functional activity of COX-2 expression. Conversion of PGH 2 to PGE 2 was used to assess the functional activity of COX-2 expression. The accumulated levels of PGE 2 from culture supernatants of CD14 ϩ monocytes pre-and poststimulation were measured by a competitive enzyme immunoassay (Amersham Pharmacia). All samples were batched, and PGE 2 assays were performed blind with internal controls in duplicate. The limit of detection for PGE 2 assay was 36.2 pg/ml. PGE 2 concentration in the supernatants was standardized to picograms per milliliter per 5 ϫ 10 5 cells for reporting. Murine macrophage cell line J774. The murine monocyte/macrophage cell line (from American Type Culture Collection) was grown in Dulbecco's modified Eagle's medium supplemented with 100 units of penicillin/streptomycin, 2 mmol/l L-glutamine, and 10% FBS (Invitrogen). Confluent cells were cultured in 1 g/ml LPS overnight and lysed for RNA extraction. Protein lysate was also prepared for Western blotting, and culture supernatants were analyzed for PGE 2 levels as a marker of COX activity. Statistical analysis. Data were assembled using Microsoft Excel software and are the means Ϯ SD. Data were analyzed using the Prism statistical package (version 3; GraphPad Prism). All statistics were performed with either Student's t test (two tailed unless otherwise stated) or Mann-Whitney U test (two tailed unless stated otherwise), whichever was appropriate. Differences between variables were considered significant at P Ͻ 0.05. The LPS dose-response relationship to COX-2 protein expression was assessed by flow cytometry as the mean fluorescent intensity of COX-2-positive CD14 ϩ monocytes (Fig. 1) . For each subject, the curve-fitting precision was estimated by R 2 , the coefficient of determination. We anticipated that normal subjects would maintain a perfect logarithmic dose-response relationship between LPS dose and COX-2 expression such that R 2 would approximate to 1.0. Thus, loss of relationship of LPS dose to COX-2 expression results in a decreased coefficient of determination (22) . Basal COX-1 mRNA expression in CD14 ϩ monocyte showed marked variation between individuals; 5% had undetectable levels, so we analyzed COX-1 mRNA expression only in cells with detectable basal levels.
RESULTS
Basal monocyte COX-1 and -2 expression is normal in type 1 diabetes. Basal monocyte COX-1 mRNA expression was not consistently detected by quantitative RT-PCR, and when it was detected, levels did not differ between diabetic and nondiabetic twins or control subjects (Fig. 1A) . COX-1 protein was detected in basal samples in which sufficient cell lysates were available. Diabetic and nondiabetic twins and control subjects did not differ in terms of basal COX-2 mRNA expression (Fig.  1B) and basal monocyte COX-2 protein (by FACS and Western blotting) (Fig. 1C and D, respectively) , as well as PGE 2 production (Table 3) , a marker of COX-2 functional activity. Downregulation of monocyte COX-1 mRNA after LPS stimulation. When CD14 ϩ monocytes were stimulated with LPS, those subjects with detectable basal monocyte COX-1 mRNA showed a significant downregulation of COX-1 mRNA expression in all three groups (diabetic twins: P ϭ 0.003, n ϭ 12; nondiabetic twins: P ϭ 0.0009, n ϭ 10; and control subjects: P ϭ 0.003, n ϭ 13) (Fig. 1A) . We extended this observation by studying COX-1 mRNA expression after LPS stimulation in normal human subjects using whole PBMCs (n ϭ 20) (data not shown). COX-1 mRNA expression level was also significantly reduced after LPS stimulation in PBMCs (P Ͻ 0.007) (data not shown). COX-1 protein was present after LPS stimulation with no clear pattern of response.
Upregulation of monocyte COX-2 mRNA and protein expression after LPS stimulation. When CD14
؉ monocytes were stimulated with LPS overnight, monocyte COX-2 expression-whether determined by FACS, Western blotting, or quantitative RT-PCR-increased, as anticipated, in all three groups, i.e., in diabetic and nondiabetic twins as well as control subjects (paired one-tailed P Ͻ 0.003 for each) (Fig. 1) . Concomitantly, PGE 2 secretion of these cells also increased significantly with LPS stimulation (P Ͻ 0.0001 in all groups) (data not shown). Time course experiments confirmed that COX-2 mRNA, COX-2 protein, and PGE 2 production were significantly increased by LPS at the selected time of study (data not shown). Monocyte COX-1 and -2 response to LPS is altered in type 1 diabetic patients and their twins. The magnitude of the COX-2 response to LPS was significantly reduced in both diabetic and nondiabetic twins compared with control subjects, as assessed by FACS and Western blotting (P Ͻ 0.015 for both) (Fig. 1C and D) . Doseresponse studies using FACS indicated that the response to LPS in control subjects increased as little as 0.1 ng/ml with a stepwise increase in responses above the basal level at a dose range of 10 -1,000 ng/ml (Fig. 1C) and a good dose-response relationship (R 2 ) approximating to 1.0 (R 2 ϭ 0.89 Ϯ 0.08). The FACS profiles confirmed that the intracellular COX-2 protein response to LPS was significantly reduced at the higher LPS dose in both diabetic and nondiabetic twins (Fig. 1C) . In line with a familial, possibly genetic alteration causing these changes, there was no difference between the diabetic and nondiabetic identical twins in their COX-2 response to LPS by FACS analysis, and that response was correlated between twins of each pair for COX-2 (r ϭ 0.6, P Ͻ 0.01) and for PGE 2 secretion (r ϭ 0.62, P ϭ 0.02) (data not shown). However, the dose-response relationship using FACS reflected by R 2 did not differ between twins (diabetic R 2 ϭ 0.90 Ϯ 0.07, nondiabetic R 2 ϭ 0.86 Ϯ 0.09) and control subjects, indicating a similar sensitivity to LPS.
The observed downregulation of COX-1 mRNA expression after LPS stimulation was significantly greater in both diabetic and nondiabetic twins compared with control subjects (P ϭ 0.02 for both) (Fig. 1A) . Moreover, consistent with the altered responses not being caused by metabolic changes, there was no difference between diabetic and nondiabetic identical twins in both the decrease in COX-1 and the increase in COX-2 mRNA levels after stimulation with LPS. Monocyte functional response to LPS is altered in type 1 diabetes. We investigated whether the response to LPS was functional by determining the PGE 2 production by CD14 ϩ monocytes in response to overnight exposure to LPS. PGE 2 secretion rose substantially after LPS in diabetic and nondiabetic twins as well as in control subjects (P Ͻ 0.0001) with no difference in the level of PGE 2 secretion between the groups (data not shown). The production of PGE 2 by monocytes after LPS was markedly reduced, as expected, by DFP, a specific COX-2 inhibitor (P Ͻ 0.0005 for each group) (data not shown). Consistent with a COX enzyme activity defect in the twins' monocyte responses to LPS, there was a greater inhibition by DFP of monocyte PGE 2 production after LPS in both diabetic and nondiabetic twins compared with control subjects (P Ͻ 0.007 and P Ͻ 0.002, respectively) (Fig. 1E) . Levels of PGE 2 after LPS were strongly correlated between diabetic and nondiabetic twins of each pair (r ϭ 0.70, P ϭ 0.03) and remained correlated after DFP induced inhibition (r ϭ 0.61, P Ͻ 0.02). These results are consistent with a familial alteration in monocyte function in twins genetically susceptible to type 1 diabetes. Murine macrophages show a COX mRNA isoform switch after LPS stimulation. The observed COX mRNA isoform switch in human peripheral blood monocytes after LPS stimulation was confirmed in the established murine macrophage cell line J774. LPS stimulation of murine macrophage cell line J774 resulted in a significant increase in COX-2 mRNA with a concomitant decrease in COX-1 mRNA levels (P Ͻ 0.02 and P Ͻ 0.01, respectively) ( Fig.  2A) . Moreover, the observed induction of COX-2 mRNA ( Fig. 2A) and protein levels in these cells was confirmed by an increase in PGE 2 production after LPS stimulation (Fig.  2B) , consistent with COX expression being functional in J774 cells (Fig. 2B) .
DISCUSSION
The observations presented in this report demonstrate for the first time that there is a COX mRNA isoform switch in monocytes stimulated with the nonspecific antigen LPS, resulting in decreased COX-1 and increased COX-2 mRNA expression levels; this COX mRNA switch was altered in type 1 diabetes. Furthermore, monocytes from diabetic twins compared with control subjects after LPS showed decreased COX-2 protein expression levels and a greater inhibition of LPS-induced PGE 2 secretion by a COX-2-specific inhibitor. We demonstrated that these alterations in monocyte COX mRNA, COX-2 protein, and PGE 2 secretion to LPS in type 1 diabetes is familial, and most likely inherited, because they can also be detected in nondiabetic twins genetically at risk for type 1 diabetes but selected to be unlikely to develop diabetes. Because Data are the means Ϯ SD for basal COX-2 levels in PBMCs and CD14 ϩ monocytes assessed by FACS, Western blotting, and PGE 2 secretion. Results are the mean fluorescence intensity for FACS and mean color intensity of protein bands for Western blotting. Both PBMCs for FACS and CD14
ϩ monocytes for protein and PGE 2 secretion were cultured as described in RESEARCH DESIGN AND METHODS. There was no difference between twins and control subjects for basal COX-2 or PGE 2 . MFI, mean fluorescence intensity. COX-2 response to LPS is proinflammatory, the reduced response we observed would predispose to chronic inflammatory disease, such as type 1 diabetes.
Basal monocyte COX-1 and -2 expression levels were normal in our type 1 diabetes patients and their nondiabetic identical twins using three techniques (Western blotting, quantitative RT-PCR, and FACS). In addition, we did not detect any difference in basal monocyte COX-2 functional activity as determined by PGE 2 secretion. In contrast, Litherland et al. (6) found an increase in monocyte basal COX-2 expression using FACS analysis alone. Several differences between their study and that described here might account for this apparent discrepancy. Importantly, the subjects used in the two studies differed because we did not study individuals at high risk of developing diabetes, in contrast to Litherland et al. (6) , because we were interested in genetically determined changes. It remains possible that increased basal monocyte COX-2 expression is a feature of the pre-diabetic phase of the disease studied by Litherland et al. (6) reverting to normal levels several years after diagnosis.
After LPS stimulation in diabetic and nondiabetic twins, as well as in control subjects, COX-1 mRNA levels decreased, whereas COX-2 mRNA levels increased. This COX mRNA isoform switch after LPS stimulation was confirmed in human PBMCs as well as in the murine macrophage cell line J774. A COX mRNA isoform switch has never been quantitatively demonstrated before, although previous studies have documented such a switch without using quantitative methods (23) . Accumulating evidence suggests that COX-1 expression can be modulated and expressed differentially by different cells under various conditions, including nerve cells and human brain injury, phorbol ester stimulation of THP-1 cells, phorbol ester (TPA [12-O-tetradecanoylphorbol-13-acetate]) stimulation of human megakaryoblastic-like cells, and tobacco carcinogen treatment of a human macrophage cell line (23) (24) (25) . Another system in which LPS has been shown to differentially regulate constitutive and inducible transcription factor activity in rats includes the downregulation of DNA-binding activities of the constitutive transcription factors SP-1 and AP-2 (26). These observations, taken together with our own, indicate that COX-1 mRNA can be regulated in both monocytes and macrophages and that after stimulation by the nonspecific antigen LPS, there is an isoform switch with COX-1 mRNA decreasing as COX-2 mRNA increases.
We found that this monocyte COX mRNA isoform switch is altered in type 1 diabetes. The diabetic twins showed a greater decrease in COX-1 mRNA than control subjects, whereas the inducible COX-2 mRNA response was lower than in control subjects. Moreover, the same changes were found in the nondiabetic twins, who were selected to be at low disease risk, so we can assume that the altered COX expression does not presage disease, nor does it result from the metabolic disturbance of diabetes, consistent with the altered isoform switch being genetically determined. In support of a familial effect determining this reduced monocyte response to LPS, both the COX-2 response and the dose-response relationship after LPS stimulation between twins were strongly correlated. As expected, LPS stimulation promoted monocyte production of PGE 2 , and we showed that this response was functional in that it could be inhibited by the COX-2 inhibitor DFP. Consistent with a functional defect in monocytes from both diabetic and nondiabetic twins, both groups showed a greater inhibition of LPS-induced PGE 2 secretion compared with control subjects, and, in line with a functional genetic defect, this PGE 2 response was strongly correlated between twins of each pair.
LPS is a microbial product that acts by stimulating receptors on the monocyte cell surface, including Toll-like receptors. However, our results cannot be taken as implicating either microbial products or abnormalities in Tolllike receptors in the etiology of type 1 diabetes because it is possible that monocyte stimulants other than LPS might have the same effect. Further studies are required to define the nature of the proposed abnormality and confirm that the abnormality is indeed genetic. In a recent study of monocyte-derived macrophages from a limited number of HLA-heterozygous type 1 diabetic patients, the secretion of PGE 2 and cytokines in response to LPS was increased compared with HLA-matched relatives (27) . Those authors did not study the macrophage response to LPS after COX-2 inhibitors, as we have done. Nevertheless, as in our current study, the changes noted in macrophage cell responses after LPS were consistent with an abnormality in these innate effector cells in type 1 diabetes (27) . Because the COX-2 response to LPS is essentially proinflammatory, the reduced response we detected would predispose to inflammation and might thereby predispose to chronic inflammatory diseases such as type 1 diabetes.
Nongenetic, probably environmental, factors play a major role in causing type 1 diabetes and operate through the induction of an autoimmune response (28) . The detailed mechanism resulting in the activation of that immune response remains unclear. Although the induction of autoimmunity probably involves the adaptive immune system, innate effector cells are important in priming or promoting these responses. These innate effectors include a few relatively inflexible cell populations such as monocytes/macrophages, dendritic cells, natural killer cells, natural killer T-cells, and ␥␦ T-cells (29) . Alteration in these innate effectors could predispose to type 1 diabetes: for example, the frequency of V␣24J␣Q T-cells was higher in nondiabetic twins than in their diabetic identical twins or triplets, and the latter show a dramatic reduction in interleukin-4 secretion capacity compared with their nondiabetic twins (5) .
In conclusion, our data indicates that there is a familial, most likely inherited, functional abnormality in monocyte COX responses to LPS in type 1 diabetic patients, which may predispose to the disease. These observations confirm and extend evidence that monocyte function is altered in type 1 diabetes (30) . If these monocyte changes were to predispose to type 1 diabetes, then modulation of the innate immune system could be of therapeutic value in preventing it.
